
ETHEPHON: ITS EFFECTS ON PHYSICAL PROPERTIES OF
BABYGOLD-5 PEACHES AND ITS USE AS AN AID TO

MECHANICAL HARVESTING

D.R. Fuzzen1, W.K. Bilanski1 and D.R. Menzies2

'School ofEngineering, University of Guelph, Guelph, Ontario NIG 2W1 and ^Research Station, Agriculture Canada,
Vine land, Ontario LOR 2E0

Received 16 December 1977

Fuzzen, D.R., W.K. Bilanski, and D.R. Menzies. 1978: Ethephon: Its effects on physical properties ofBabygold-5 peaches and its
use as an aid to mechanical harvesting. Can. Agric. Eng. 20: 113-117.

The maturity ofpeaches found on the tree atharvest ranges from overmature toimmature. With the present shake and catch
method ofmachine harvesting this wide maturity distribution is aproblem. The plant growth regulator ethephon was applied at
250 ppm to Babygold-5 peach trees two weeks before harvest. Physical property tests revealed that treated fruit were generally
softer and that the first and second natural resonant frequencies were lower. The bruise resistance oftreated peaches was similar
to that ofcontrol fruit. Maturity was advanced 3days although thematurity distribution remained similar to that of thecontrol
fruit. Both treated and control fruit were machine-harvested and later evaluated for damage and maturity. Preharvest drop was 2-
3% higher on treated trees, however, removal rates were similar to that ofcontrol trees. Fruit treated with ethephon was more
mature on a given harvest date; however, damage levels differed little from those of the control fruit.

INTRODUCTION

The wide maturity distribution found in
most peach varieties has always been a
problem for machine harvesting. Plant
breeding may eventually solve this problem;
however, the use of plant growth regulators
may be a short-term solution.

Knowledge about the effects of the plant
growth regulator ethephon on peach
maturity and its use as an aid to machine
harvesting is limited. Sims (1971) found that
ethephon advanced the harvest date of many
peach varieties. Sims (1973) and Sims et al.
(1973) also showed that ethephon applied 2
wk before harvest advanced maturity
without preharvest drop, and promoted
more uniform maturity. Ethephon was
applied (Rom and Scott 1971)at rates from
250 ppm and 1500 ppm to Babygold-9
peaches just prior to harvest. The maturity
was advanced as measured by fruit firmness,
skin color and flesh color. Looney (1972)
applied ethephon, and a combination of
SADH and ethephon to Redhaven peaches
at pit hardening and found both treatments
to advance maturity.

The purpose of this study was to
determine the effects of ethephon on the
physical properties of the Babygold-5 peach
and to evaluate the use of ethephon as an aid
to machine harvesting.

Test Description
Ten uniformly-sized Babygold-5 peach

trees located in the interior of an orchard
were treated with the growth regulator
ethephon at 250 ppm on 18 August 1976
(approximately 2 wk before harvest). Ten
trees of similar size and vigor, and in the
same orchard, were marked as controls.

During the harvest period on the dates
indicated in Table I, 30 fruits were removed
from each tree, placed in a padded container
and transported to the laboratory for the
following physical proper tests:
1. Each fruit was numbered, weighed and

its maximum diameter normal to the
stem-calyx axis was measured.

2. A resonant vibration test was

Stem end —

of fruit

Stone

M.T. Plunger

Bruise on

blush side

Core sample for

mechanical properties

tests

-Cut to sit flat for M.T. test

Figure 1. Position of physical properties tests.

conducted to determine the first and

second natural resonant frequency.
Similar tests have been conducted by
Finney (1971) and Genge et al. (1977).
Each peach was fixed with double-sized
tape, blush side down on a vibrational
table. The table was driven at a constant

acceleration level (0.125 'gs peak to
peak) with a sinusoidal input which was
varied in frequency from 20 Hz to 20
kHz. A subminiature accelerometer

mounted on a flexible diaphragm
(Finney 1971) was held in contact with
the peach. The output was fed through
a narrow-band heterodyne analyzer
tuned to the input frequency of the
table. The logarithm of the response
acceleration (decibels) was plotted
against the logarithm of the frequency
by a level recorder and the frequency of
the resonant peaks was noted.
The specific gravity of each fruit was
determined by measuring the buoyant
force of the peach while it was
submerged in water.
To observe the relative bruise resistance
of the Babygold-5 peach during the
harvest period,eachsampleof 30fruits
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was randomly grouped into six lots of
five fruits. Fruit from each lot were

dropped one at a time (blush side
down) from a specified height onto a
steel plate, using a double wire
pendulum described by Genge et al.
(1977). Drop heights for each lot varied
from 5 to 50 cm. The contact location
was marked upon impact, and peak
deceleration levels were measured and
recorded (Genge et al. 1977). The fruit
were stored 48 h at room conditions
before being evaluated for damage.
Each marked bruise was cut open and
the average diameter and depth was
measured.

A Magness Taylor probe 11.1 mm in
diameter with a spherical end (9.1-mm
radius) was pressed into the fruit at a
rate of 1 cm/min using the Instron
Testing Machine (Genge et al. 1977).
Each test was made in the same relative
position as the fruit (Fig. 1) to reduce
variability that might otherwise be
encountered. Peak force values (MT)
were recorded in newtons.
A cylindrical core 12.7mm in diameter
and 19.1 mm in length was cut from the
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Figure 2. Maturity distribution of Babygold-5 peaches as measured by E.
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Figure 3. University of Guelphanalysis of machine harvest trials.

flesh of the blush side of the peach(Fig.
I) and compressed between two flat
plates. A force deformation curve was
recorded and the Young's Modulus (E),
yield stress(Y) and elasticstrainenergy
(U) were calculated.

Babygold-5 peaches treated with
ethephon on 18 August 1976 were machine

114

harvested on 1 and 6 Sept. 1976, while
control peaches were machine-harvested on
6 and 9 Sept. 1976 witha Perry model F.E.
cherry harvester. The first harvest date of
each group was judged to be slightly ahead
of optimum.

removed 60-70% of the fruit while the
second removed the remaining fruit that
would separate. The harvested fruit was then
weighed.

Prior to harvest all fruit on the ground
was collected and weighed to determinePr„w „,„„ . • . ° wuwccicu anu weignea 10 determine

bursts of7 9£Tet'" ' ™Sh°rt S,haking Preharvest dr°P- After harvest fruit on thebursts of 1-2 sec duration. The initial shake ground was collected and weighed to
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determine the amount dropped during
harvest, the fruit remaining in the tree was
removed by hand and weighed to determine
removal rates.

Samples of machine-harvested fruit were
taken during harvest, and stored at room
conditions for 48 h before analysis. Each
fruit was evaluated by measuring the
diameter, depth and location of each bruise
and measuring the length of cuts and/or
tears in the skin. Fruit with any bruise 13
mm in diameter or greater, or having a skin
tear or puncture were classified as "severely
bruised" and any other fruit with a
measurable bruise as "slightly bruised."

•Fruit free from bruises and skin tears were

classified as "good fruit." A local processor
(Canadian Canners Ltd.) also evaluated the
machine-harvested fruit (Fig. 3). All
physical properties data were plotted against
cumulative index Degrees-Day-Sunshine-
Hours (DISH) developed by Dr. R.Trottier
of Agriculture Canada. The linear
correlation coefficients between this index

and the measured parameters were
calculated using average daily values.

RESULTS AND DISCUSSION

The Magness Taylor yield force for
control fruit (Table 1) declined from
approximately 70N to 40N over the harvest
period while treated fruit decreased only
slightly from 50N to 45N.

For control furit, E declined from
approximately 900 kPa to 630 kPa while E
for treated fruit declined from 770 kPa to

650 kPa (Table I).
During the harvest period, Y declined

from approximately 170 kPa to 90 kPa for
control fruit and from approximately 110
kPa to 90 kPa (Table 1) for treated fruit.

The measures of firmness, MT and E, for
control fruit declined (r, = 0.790 and 0.923,
respectively) with increasing DISH. Treated
fruit was generally softer and values of
firmness were less dependent upon DISH.
Similarly, for control fruit, Uand Ydeclined
with increasing DISH (/,= 0.952 and 0.904,
respectively). Values for treated fruit were
less dependent upon DISH and generally
lower.

The coefficients of variance for MT were
lower than for E, U, Y although E, U, Y
showed moredependance upon DISH.This
difference is likely due to the moderating
influence of the peach skin in the MT test.

The correlation coefficient r2 of daily
mean physical property values and the daily
mean of E are shown in Table L The r2 values
are higher for control fruit than for treated
fruit. Correlation values for MT vs. E are
lower than for U or Y vs. E for both control
and treated fruit. The mechanical properties
tests give more consistent results than MT
tests.

The distribution of maturity as measured
by Efortreated andcontrol fruit isshown in
Fig. 2. Although maturity of treated fruit
was advanced approximately 3 days, the
coefficient of variance also increased.
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TABLE II. BRUISE DATA FOR BABYGOLD-5 PEACHES (CONTROL)

Drop height (cm): 50 40 30 20 10 5

Day DISH

Average bruise diam . t (mm) on steel plate
2 Sept. 3933 12.40 5.60 4.72 0 0 0

3 " 3962 8.64 3.00 2.23 0 0 0

5 " 4014 9.35 0 4.93 4.62 0 0

7 " 4065 4.37 2.74 0 0 0 0

8 " 4092 14.83 4.01 1.73 0.45 2.60 0

9 "- 4125 11.94 11.53 3.66 8.33 0 0

r* .114 .430 .370 .763
- -

Average bruise depth* (mm) on steel plate
2 Sept. 3933 7.87 2.03 1.32 0 0 0

3 " 3962 3.30 1.32 0.96 0 0 0

5 " 4014 3.20 0 1.37 1.83 0 0

7 " 4065 1.93 1.62 0 0 0 0

8 " 4092 4.98 1.22 1.62 3.50 0.91 0

9 " 4125 4.77 4.32 1.62 2.34 0 0

r* .332 .439 .114 .700
- -

A verage peak deceleration t
2 Sept. 3933 258 220 200 126 124 60

3 " 3962 274 260 206 168 108 77

5 " 3014 248 242 216 124 108 66

7 " 4065 212 248 276 135 86 62

8 " 4092 252 206 168 114 90 58
9 " 4125 238 230 160 98 68 70
r* .579 .293 .245 .670 .950 .155

t

*
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Each value is an average of 5.
Linear correlation coefficient with DISH.

TABLE III. BRUISE DATA FORBABYGOLD-5 (ETHEPHON @250ppm) PEACHES

Drop height (cm):

Day

30 Aug.
31 "

1 Sept.
2 "

3 "

4 "

6 "
r*

30 Aug.
31 "

1 Sept.
2 "

3 "

4 "

6 "

r*

30 Aug.
31 "

1 Sept.
2 "

3 "

4 "

6 "

r*

50

DISH

40 30 20 10

Averagebruisediam. t (mm} on steel plate
3865 8.03 6.15 1.73 0.0 0 0
3891 13.72 3.15 0.66 0.0 0 0
3913 10.62 5.54 3.35 2.74 0 0
3933 10.26 5.99 4.42 0 0 0
3962 5.03 1.47 0.96 3.35 0 0
3986 11.79 10.51 5.13 2.59 0 0
4040 0 6.35 9.65 3.91 0 0

.638 .285 .805 .790

Average bruisedepth r (mm)
3865 3.91 2.44 1.22 0 0 0
3891 5.89 .96 .36 0 0 0
3913 4.11 3.00 1.07 1.22 0 0
3933 5.89 2.90 1.22 0 0 0
3962 2.49 1.07 .66 1.22 0 0
3986 4.62 4.62 1.83 1.12 0 0
4040 0 3.15 2.44 1.83 0 0

.682 .425 .734 .815

Average peak deceleration*
3865 302 238 198 174 86 60
3891 272 214 176 122 106 52
3913 246 198 192 122 78 53
3933 334 254 182 168 102 65
3962 200 240 192 146 102 70
3986 276 232 200 150 109 63
4040 268 206 182 114 79 47

.189 .161 .089 .401 .055 .130

Each value is an average of 5.
Linear correlation coefficient with DISH.

Treated fruit was considered to be at an
optimum maturity for mechanical harvest
on 6 Sept. 1976, having an average E of 645
kPa with a coefficient of variance of 40.

Control fruit considered to be at optimum
maturity on 9 Sept. 1976had an average E of
626 and a coefficient of variance of 29.

The specific gravities of both control and
ethephon-treated fruit are nearly constant
over the harvest period (Table 1) and were
not significantly affected by ethephon.

The resonant frequencies f, and f: (Table
1) for control fruit show good linear
relationship with D1SH (/• =0.930and 0.936,
respectively), declining with increasing
DISH. Treated fruit showed less

dependance on DISH (/• = 0.212) while f2
declined slightly with increasing DISH {r -
0.722). The calculated indices of firmness, as
suggested by Finney (1971), f,2mand f,2m2/3
for control and treated fruit, and f22m and
f22m2/* for treated fruit, showed little
increased dependance on DISH. However,
f22m and f22m2/:i for control fruit showed
some increased dependance on DISH.

Application of ethephon caused no
apparent change in fruit tolerance to
bruising (Table II and III). The bruise
diameter, bruise depth and peak
deceleration forces were similar for both

treated and control fruit.

Figures 3 and 4 summarize the results of
machine-harvest trials. Preharvest drop of
ethephon fruit was 2-3% higher than on
control trees. Removal rates, however, were
not increased by ethephon treatments.
Processor evaluation (Fig. 4) showed that
ethephon-treated fruit that was machine-
harvested on 6 Sept. was less severely
damaged. However, evaluation in the
laboratory of machine-harvested fruit
showed treated fruit to be more severely
damaged (Fig. 3).

The maturity (as measured by E) of
ethephon-treated fruit was judged to be
advanced 3 days. Fruit from ethephon
treatments tended to mature at a slightly
smaller size than control fruit. Treated fruit
harvested on6Sept.averaged 6165 fruit/ton
while control fruit averaged 5927 fruit/ton.

CONCLUSIONS

Ethephonapplied to Babygold-5 peaches
at 250 ppm approximately 2 wk before
harvest reduced firmness during the harvest
period, when measured by MT and E.
Treated fruits had a wider maturity
distributionat harvestthan didcontrolfruit,
although maturity was advanced
approximately 3 days. The resonant
frequencies f, and f2 for treated fruit were
lowerthan for control fruit on any onedate.
Although controlled laboratory tests
indicated no difference in bruise resistance
between treated and control fruit, machine-
harvest trails produced varied results. More
work in this area will be needed. Because the
maturity distribution was wider in treated
fruit, the removal rates were not increased
and preharvest drop increased, ethephon at
thisapplication rate has limited use asanaid
to machine harvesting.
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Figure 4. Processor evaluation of machine-harvested Babygold-5 peaches.
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